Background. Previously, it was demonstrated that serum levels of tumor markers, CEA and CA19-9, correlated with chemotherapy. Consequently, it has been hypothesized that dynamic monitoring of changes in these markers may predict the shrinkage or growth of colorectal cancers. To test this hypothesis, we analyzed CEA and CA19-9 serum levels in patients with advanced colorectal cancer who received cetuximab in combination with chemotherapy. These levels were evaluated at various time points to identify their potential to serve as early efficacy predictors during treatment and early predictors of disease progression. Patients and Methods. Measurements of tumor markers, CEA and CA 19-9, in patients with metastatic colorectal cancer (n = 73) who received cetuximab plus folinic acid, fluorouracil, and oxaliplatin or irinotecan (FOLFOX4/FOLFIRI) as a first-line treatment at our center were retrospectively analyzed. These levels were also compared with objective responses according to the World Health Organization criteria. Initially, 65 patients had elevated CEA levels (>5 ng/ml), and 59 patients had elevated levels of CA19-9 (>37 U/ml). A total of 172 cycles and 165 cycles of computed tomography/magnetic resonance imaging observations were available for review from these two patient groups. Results. After completing three cycles of treatment, the best diagnosis of cetuximab resistance was achieved when CEA increased by 35% (efficacy, 83.33%; sensitivity, 75.41%) and when CA19-9 increased by 28% (efficacy, 80.00%; sensitivity, 84.31%). Next, the efficacy of cetuximab at the time of diagnosis (at the first imaging examination/after three cycles of treatment) was evaluated after the first cycle of chemotherapy. When CEA decreased by 60% from its baseline level, the best effective rate and sensitivity were observed (63.64% and 80.95%, respectively). Similarly, when CA19-9 was 45% lower than its baseline level, the best effective rate and sensitivity were observed (84.21% and 93.18%, respectively). To evaluate progression-free survival (PFS), levels of both CEA and CA19-9 were evaluated after the third cycle of chemotherapy. Increases of 35% and 28%, respectively, resulted in a shorter PFS period compared with the other patients (3.15 months vs. 9.10 months, respectively; P < 0 0001). Conversely, when the evaluation was performed after the first cycle of chemotherapy, patients exhibiting a 60% decrease in CEA and a 45% decrease in CA19-9 had a longer PFS period (11.13 months vs. 8.10 months, respectively; P = 0 0395). Conclusions. CEA and CA19-9 are useful indicators of therapeutic curative effect from cetuximab combined with first-line chemotherapy. These markers also helped assess cetuximab resistance and served as early predictors of initial treatment effectiveness. Furthermore, a simultaneous increase or decrease in the levels of both indicators was consistent with the observed differences in PFS.
Introduction
Colorectal cancer is the most common malignant tumor in the digestive system. In 2017, the incidence and mortality of colorectal cancer were third among all types of cancer worldwide [1] . In China, the incidence and mortality of colorectal cancer have increased in parallel with developments in the economy over the past 30 years [2] . The prognosis of colorectal cancer is closely related to cancer stage at the time of diagnosis, and approximately 30% of patients have distant metastases when they are diagnosed. However, even when surgical treatment is performed during the early stages of colorectal cancer, approximately 50% of patients will develop recurrence and metastasis. Therefore, systemic chemotherapy is an important treatment option for patients to prolong their survival and improve quality of life. Among the first-line treatment options currently available, a regimen including folinic acid, fluorouracil, and oxaliplatin (FOLFOX4) and a regimen including folinic acid, fluorouracil, and irinotecan (FOLFIRI) have been shown to improve patient progression-free survival (PFS) and overall survival (OS) [3, 4] . However, no statistically significant differences have been observed in time to progression (TTP) and OS between the two regimens [3, 4] .
There have been many advances in the treatment of colorectal cancer over the past decade. Regarding molecular therapy for colorectal cancer, cetuximab has become widely used as a competitive inhibitor of epidermal growth factor receptor (EGFR). Van Cutsem et al. and Borner et al. both reported that cetuximab combined with FOLFIRI as a first-line treatment for RAS wild-type metastatic colorectal cancer significantly increased the response rate and prolonged PFS [5, 6] . Furthermore, cetuximab in combination with chemotherapy as a first-line treatment for advanced colorectal cancer has shown good safety and efficiency in clinical applications in recent years, with significant improvements in patients' PFS and OS observed [7] [8] [9] [10] .
To evaluate curative effects, imaging examinations (usually computed tomography (CT) or magnetic resonance imaging (MRI)) and Response Evaluation Criteria in Solid Tumors (RECIST) are generally used as the basis and standard for clinical treatments worldwide [11] . However, these imaging methods are relatively expensive, and patients have expressed concern regarding the potential harm from radiation during imaging. As a result, poor patient compliance with imaging examinations has been observed. In addition, for some metastatic solid tumors, such as abdominal lymph node metastases, it is difficult to apply these imaging methods. Additional assessments can also be needed for certain clinical applications. In contrast, monitoring of tumor markers in serum is relatively simple and inexpensive, it is associated with good sensitivity and specificity, and it is highly reproducible.
For patients affected by different types of tumors, tumor-associated markers are usually elevated. During treatment, these tumor markers often undergo dynamic changes. Many studies have shown that changes in the levels of two tumor markers, in particular CEA and CA19-9, are closely related to curative effects and the prognosis of advanced colorectal cancer [12] [13] [14] [15] [16] [17] [18] [19] [20] . However, roles for CEA and CA19-9 in evaluating efficacy and in predicting disease progression during cetuximab treatment combined with chemotherapy have not been reported. Based on the correlation previously described between CEA and CA19-9 and chemotherapy, it is predicted that monitoring of changes in the levels of these markers may predict tumor shrinkage or growth. To test this hypothesis, patients with advanced colorectal cancer who received cetuximab in combination with chemotherapy within the previous five years at our center were retrospectively examined in regard to their levels of CEA and CA19-9. Changes in these levels were then evaluated for their potential to serve as early efficacy predictors during the course of treatment and as early predictors of disease progression.
Data and Methods

Clinical Data.
This study reviewed patients with advanced colorectal cancer who were treated with a first-line treatment regimen of CET+FOLFOX4/FOLFIRI (see Section 2.2 for treatment details) between June 2012 and June 2017 at our center (Table 1) . There were 73 patients totally. The number of primary lesions located in the colon and in the rectum was 60 and 13, respectively. The number 
Efficacy Evaluation.
All patients underwent a CT/MRI examination. Blood tests were performed to detect serum levels of CEA and CA19-9 within two weeks of the start of treatment (representing baseline values). Both tumor markers were subsequently retested within 2 d of starting a new cycle of treatment. Abdominal enhanced CT/MRI scans and noncontrast lung CT scans were reviewed each time three cycles of chemotherapy were completed.
Clinical Efficacy Evaluation.
According to the RECIST criteria, complete remission (r-CR) was defined as the disappearance of all target lesions, partial remission (r-PR) was defined as the sum of the maximum diameter of the baseline lesions that decreased by at least 30%, and disease progression (r-PD) was defined as the sum of the maximum diameter of the baseline lesions that increased by at least 20% or the appearance of new lesions. Furthermore, when the sum of the maximum diameter of the baseline lesions was reduced (yet not to the point of PR) or, conversely, if an increase was observed that was not to the point of PD, the patient was considered to have reached a stable disease state (r-SD). Disease control (r-DCR) was calculated as r − CR + r − PR + r − SD. Serum levels of CEA and CA19-9 were determined by using an enzyme immunoassay test kit with 5 ng/ml and 37 U/mL considered the upper limits of normal for each enzyme, respectively, according to the manufacturer's instructions. Serum levels of CEA and CA19-9 were measured every cycle before chemotherapy. In our Oncology Unit, tumor marker monitoring is routinely performed in order to identify patients who could potentially benefit from the treatment. In this context, CEA and CA19-9 data were evaluated if they were collected within one month of the start of treatment and also if they were collected approximately 2-4 weeks before PD was established based on imaging scans. Biomarker monitoring was performed every two weeks until disease progression was first documented.
For all cycles involving a reduction in tumor marker levels, sensitivity was defined as true positives/ true positives + f alse negatives , specificity was defined as true negatives/ true negatives + f alse positives , positive predictive values were defined as true positives/ true positives + f alse positives , and negative predictive values were defined as true negatives/ true negatives + f alse negatives .
2.4. Statistical Methods. SPSS 26.0 software was used to perform statistical analyses. Differences between groups were compared according to the chi-square test, cut-off values were determined with receiver operator characteristic (ROC) curves, and univariate survival analyses were performed with Kaplan-Meier survival curves. P values less than 0.05 were considered to indicate statistically significant differences.
Results
Comparison of RECIST Standards with CEA and CA19-9
Standards. According to the admission criteria for this study, 73 patients were retrospectively analyzed. Among these patients, 65 patients and 59 patients had elevated baseline levels of CEA or CA19-9, respectively. For these two groups, their elevated levels for each treatment cycle were compared with those for the previous cycle. An increase in levels was considered to indicate tumor progression, while the absence of an increase was considered to indicate disease control. Changes in CEA and CA19-9 levels for each cycle were also compared with the RECIST criteria, with 172 cycles and 165 cycles of CT/MRI observations available for each group, respectively. Based on these data, the sensitivity of CEA in assessing disease control rate was 94.2%, its specificity was 71.4%, its positive predictive value was 90.0%, and its negative predictive value was 81.9% (Table 2 ). For CA19-9, the corresponding values were 91.5%, 83.9%, 94.4%, and 77.0%, respectively (Table 2 ). When levels of both CEA and If the levels of CEA or CA19-9 were higher than those in the previous cycle or higher than the normal reference value, tumor progression was indicated. The opposite pattern indicated disease control. A total of 162 cycles and 151 cycles of CT/MRI observations were compared with the RECIST standards. There were 45 and 47 false-negative cycles, 10 and 14 true-negative cycles, and 18 and 9 false-positive cycles, respectively, in each case.
CA19-9 were considered, the sensitivity increased to 97.4%, the specificity was 93.0%, the positive predictive value was 96.8%, and the negative predictive value was 91.7% (Table 2) . Taken together, these results indicate that it is feasible to evaluate treatment efficacy by monitoring changes in serum levels of CEA and CA19-9. Furthermore, treatment resistance can potentially be predicted based on changes in the levels of these indicators at specific time points.
3.2. CEA and CA19-9 Predict Cetuximab Resistance after Every Three Cycles of Treatment. When changes in the serum levels of CEA and CA19-9 after every three cycles of treatment were compared with the RECIST criteria (Figure 1) , the efficacy and sensitivity of detecting cetuximab resistance were the highest when the level of CEA increased by 35%. For this increase, the corresponding efficacy and sensitivity rates were 83.33% and 75.41%, respectively. The area under the ROC curve (AUC) was 0.85 (95% confidence interval (CI): 0.74-0.92). Similarly, when the serum level of CA19-9 increased by 28%, the efficacy and sensitivity of detecting cetuximab resistance were 80.00% and 84.31%, respectively, and the AUC was 0.82 (95% CI: 0.71-0.90).
3.3. CEA and CA19-9 Predict Cetuximab Effectiveness after the First Cycle of Treatment. When serum levels of CEA and CA19-9 were examined after the first cycle of chemotherapy (Figure 2 ), a decrease in the level of CEA by 60% from baseline provided an effective and sensitive prediction of cetuximab's efficacy after three cycles of treatment (i.e., at the first imaging examination). The effective rate and sensitivity were 63.64% and 80.95%, respectively, with an AUC value of 0.73 (95% CI: 0.60-0.83). Similarly, when a decrease of 45% from baseline was observed for the level of CA19-9, the effective rate and sensitivity for diagnosing cetuximab's efficacy were 84.21% and 93.18%, respectively, with an AUC value of 0.91 (95% CI: 0.82-0.97).
CEA and CA19-9 Prediction of PFS.
When serum levels of CEA and CA19-9 were examined after the third cycle of chemotherapy, patients' PFS was also examined (Figure 3 ). When the level of CEA increased by 35% and the level of CA19-9 increased by 28%, the PFS period was shorter than that of the other patients (3.15 months versus 9.10 months, respectively; P < 0 0001). In comparison, when the levels of these markers were examined after the first cycle of chemotherapy, the patients exhibiting a 60% decrease in their level of CEA and a 45% decrease in their level of CA19-9 exhibited a longer PFS period than the other patients (11.13 months and 8.10 months, respectively; P = 0 0395).
Characteristics of the Patients with Shorter PFS.
When we further examined the characteristics of the patients with a shorter PFS period (Table 3 ) (e.g., those with a 35% increase in CEA level and a 28% increase in CA19-9 level after the third cycle of chemotherapy), most of these patients had rectal cancer with multiple metastases. Furthermore, when metastases were only present in the peritoneum and local abdomen, the PFS of these patients was worse than that of patients with other sites of metastasis. There was no significant difference in PFS according to gender, although the small number of cases prevented a statistical analysis from reaching significance. However, these results provide insight into which patients may be better suited for receiving cetuximab treatment, and this is the focus of our subsequent studies which include a larger number of cases. 
Discussion
Imaging examinations are often used to assess the therapeutic effects of drug treatments for solid tumors. However, in our experience, a large proportion of patients have poor adherence to imaging examinations due to their high cost and/or fear of radiation injury. A proportion of patients also have metastases which are difficult to measure, and this can make assessments difficult. Previously, we reported that tumor markers can provide significant guidance regarding tumor progression and resistance to traditional anticancer drugs. Moreover, the detection of tumor markers can be relatively simple and inexpensive and have minimal adverse effects. It remains to be confirmed whether tumor markers can also be used to evaluate the efficacy of cetuximab in combination with chemotherapy. With advances being made in the development of various cancer treatment methods, particularly with the rapid development of anticancer drugs, the corresponding requirements for evaluating therapeutic effects have become increasingly diversified and precise. However, various studies [21] [22] [23] have described that for targeted therapy and immunotherapy treatments, there is usually a delay before their therapeutic effects are evaluated. Similarly, if tumor volume is evaluated with conventional CT or MRI, tumor size may not change until after a few cycles of continuous treatment have been completed or the tumor only appears as a hollow entity. As a result, evaluation standards to assess the curative effect on traditional solid tumors appear to be increasingly incompatible with providing a comprehensive assessment and early prediction of the therapeutic effect. Moreover, they often need to be supplemented and supported by other methods. RECIST standards state that tumor markers can be used as auxiliary indicators for evaluating curative effects [24] . For example, after retrospectively analyzing 531 cases of ovarian cancer, Duffy [25] highlights that continuous monitoring of CA125 levels was able to reflect the curative effect of ovarian cancer chemotherapy in 89% of the cases examined. In addition, a decline in CA125 levels was found to be related to the curative effect and the prognosis of ovarian cancer. A number of studies have also shown that levels of CEA and CA19-9 are closely related to the curative effect of chemotherapy and large doses of fluorouracil and calcium folinate as treatments for advanced and metastatic colorectal cancer, respectively [16] [17] [18] . Previously, the tumor markers used have mostly included individual indicators, and these were characterized by low specificity and poor sensitivity. Subsequently, the use of multiple indicators was proposed to monitor and evaluate the curative effects of cancer treatments [19] . In our retrospective analysis, CEA and CA19-9 exhibited good sensitivity and specificity in evaluating the curative effect of cetuximab in combination with first-line chemotherapy. Moreover, the use of both markers was better than the use of either marker individually. When the proportion of patients with elevated levels at baseline subsequently exhibited a further increase in marker levels, the sensitivity of CEA in assessing disease control rate was 94.2% (specificity, 71.4%), and for CA19-9, it was 91.5% (specificity, 83.9%). When both markers increased, which was only observed in a small number of patients, the sensitivity and specificity of evaluating disease control were higher, with rates of 97.4% and 93.0%, respectively. These results demonstrate that CEA and CA19-9 can be combined as indicators of curative effect during chemotherapy, although this remains to be confirmed in a larger sample number. Many studies have shown that CEA and CA19-9 have predictive and diagnostic effects on survival period analysis and disease control for patients who receive bevacizumab or cetuximab in combination with oxaliplatin-and irinotecan-based chemotherapy [20, [26] [27] [28] . In addition, other studies have shown that when levels of CEA decrease by more than 50% from baseline, a significant disease in remission rates is observed [23] . To date, levels of CEA and CA19-9 have rarely been studied in relation to treatment resistance and PFS for cetuximab treatments, primarily due to the high cost of cetuximab treatments. However, most patients are very interested in the efficacy of the treatment drug they are prescribed. Thus, the ability to provide an early assessment of drug efficacy during a patient's treatment process would be very helpful. Consequently, the retrospective analysis we performed included a comparison of tumor marker levels for each cycle of treatment and in relation to the imaging results obtained.
When CEA values increased by 35% or CA19-9 levels increased by 28%, compared with those in the previous cycle, the probability of cetuximab resistance was considered to be high. In addition, the results from imaging examinations were used to determine whether disease progression had occurred. In one patient, both CEA and CA19-9 levels increased in parallel compared to those in the previous cycle. For this patient, the PFS period was shorter (3.15 months). When levels of CEA and CA19-9 were reduced by 60% or 45% from baseline, respectively, after the first dose of cetuximab, these changes were predictive of the effectiveness of cetuximab observed at the first imaging examination (e.g., after three cycles of treatment). Furthermore, if both levels decreased to less than the baseline level, the patients had a longer PFS period (11.13 months). In summary, we examined different time points during patients' treatments for advanced colorectal cancer and evaluated the efficacy of monitoring changes in serum levels of CEA and CA19-9. The present results demonstrate that both markers can be used as indicators for evaluating the curative effect of cetuximab administered in combination with first-line chemotherapy. Specifically, monitoring of these markers after every three cycles of treatment facilitated assessments of cetuximab resistance. Moreover, these levels served as early predictors of the effectiveness of the initial treatment. The present results also demonstrate the potential for a simultaneous increase or decrease in CEA and CA19-9 levels to predict PFS after the first three cycles of treatment. However, due to the small sample size of this study, the relatively strict screening conditions that were used, and the analysis of data that were only obtained from a single center, it is possible that the patients selected for this study were biased toward having higher baseline levels of the indicators examined. Therefore, further studies are needed, especially prospective analysis studies. Additionally, it was observed that the patients who did not have higher tumor marker levels at baseline exhibited changes in marker levels that were not associated with disease progression. Consequently, it is possible that the cut-off values that were used to assess changes from baseline levels are not adequate for all patients throughout their course of disease, and this needs to be further investigated.
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